ABSTRACT. The macroscopic anatomy of the stomach of the adult pampas deer, Ozotoceros bezoarticus (Linnaeus, 1758), a cervid species considered to ingest high quantities of grass in its natural diet, was described. Fourteen deceased adult pampas deer of both sexes from a captive breeding station were used for this study. There were no differences in the absolute or relative size from the different compartments of the stomach in relation to gender. Compared to measurements in other ruminants, pampas deer appeared anatomically capable of feeding on a variety of diets as an 'intermediate feeder'.
The pampas deer, Ozotoceros bezoarticus (Linnaeus, 1758) was a wide ranging species, originally distributed in the open grasslands (pampas) across eastern South America, from 5° to 41°S (JACKSON & LANGGUTH 1987) . However, loss of habitat, unregulated hunting, competition with cattle (JACKSON & GIULLIETI 1988) , and transmission of diseases from cattle (JUNGIUS 1976) have caused a drastic decrease in pampas deer populations. The species is considered as Near Threatened by the IUCN (GONZÁLEZ & MERINO 2008) , with small populations reported in Argentina, Brazil and Uruguay.
The ruminants are classified into three groups according to their feeding types: browsers, intermediate feeders, and grazers. This classification has been linked to anatomical studies of mainly African, European, and North American species (HOFMANN & STEWART 1972 , HOFMANN 1973 , 1989 . Browser ruminants eat predominantly woody and non-woody dycotyledonous forage, for instance tree foliage, herbs, or wild fruits -e.g., Alces alces (Linnaeus, 1758) and Giraffa camelopardalis (Linnaeus, 1758) . On the other hand, grazer ruminants -e.g., Syncerus cafer (Sparrman, 1779) and Ovis aries (Linnaeus, 1758) -feed on graminaceous plants. Intermediate feeders consume monocotyledonous forage -i.e., grasses -to a certain degree, but for some species this depends mostly on seasonal variation of availability -e.g., Taurotragus oryx (Pallas, 1766) and Rupicapra rupicapra (Linnaeus, 1758) (HOFMANN & STEWART 1972 , HOFMANN 1973 , 1988 , 1989 . HOFMANN (1973 HOFMANN ( , 1988 HOFMANN ( , 1989 reported that there are three categories of morphological variation of the digestive tract: grazing, browsing, and intermediate types (named for the feeding strategies used). He subsequently suggested hypotheses for consequent physiological differences. In the grazer category, the mucosa of the dorsal rumen is unpapillated; the mucosa of the rumen is unpapillated with strong pillars and pronounced reticular crests with secondary and tertiary crests; and the omasum is comparatively large with four orders of laminae. Typical characteristics of ruminants in the browser category are evenly distributed ruminal papillae, papillated rumen pillars, a large reticulum with low reticular crests, and a small omasum (HOFMANN 1973 , 1988 , 1989 , CLAUSS et al. 2006a ,b, 2009a ,b,c, 2010a . With respect to ecological niche partitioning among ruminants, the length ratio of the small intestine to the large intestine is 1.9-2.7 in browser ruminants, and 4.0-4.5 in grazer ruminants (HOFMANN 1989) .
Less is known about South American species. With respect to feeding types, the pampas deer seems to be peculiar among cervids. Most cervids are considered to be either browsers or intermediate feeders that do not feed on large quantities of grass (HOFMANN 1985) . There are a few species, however, such as the Père Davids deer, Elaphurus davidianus (Milne-Edwards, 1866) , and the pampas deer, that consume comparatively large quantities of grasses in its natural diet (JACKSON et al. 1980 , JACK-SON & GUILIETTI 1988 . COSSE et al. (2009) considered the pampas deer to be an opportunistic species based on their foraging behavior, which was typical of an intermediate feeder. This was supported by the fact that the proportion of monocotyledonsdicotyledons, compared to other forage consumed by the pampas deer, varies throughout the year. In winter and spring animals ingested more graminioid species and less dicotyledons (a typical grazing behavior), and the amount of dicotyledons ingested increases in autumn, and even more in summer. E-mail: vetanat@gmail.com However, although the morphology is typical for browsers [length ratio between the small and the large intestine is 1:1.9 (PÉREZ et al. 2008) ], the species' ingests large quantity of grass in its natural diet (HOFMANN 1989) . In other ruminants there are differences in the relative size of the different compartments of the stomach. In Cervus nipon (Temminck, 1838) , the omasum and the abomasum are larger in males than in females, although there are no differences in the size of the reticulum-rumen (RR) (JIANG et al. 2006) . In the Odocoileus virginianus (Zimmermann, 1780) deer, the rumen is larger in lactating females than in non-lactating females or males (JENKS et al. 1994 ). According to BARBOZA & BOWYER (2000) , while male deer are better adapted for ruminal dominant digestion, females are better adapted for a post-ruminal dominant digestion.
To our knowledge, there is no available information on the macroscopic anatomy of the stomach of the pampas deer. The aim of this study was to describe the stomachs of fourteen pampas deer, including a size comparison in relation to gender. Data for size were compared with published data from other wild ruminants (including both cervids and bovid species).
MATERIAL AND METHODS
Fourteen deceased adult O. bezoarticus of both sexes from a captive breeding station [Estación de Cría de Fauna Autóctona Cerro Pan de Azúcar (ECFA), Piriápolis, Maldonado, Uruguay, 34°3'S, 55°1'W, altitude: ~ 200 m] were used for this study. In the ECFA, which is also a tourist attraction, animals are bred for conservation purposes. Animals were allocated in 0.5-1 ha paddocks, in groups composed of 1 male and 5-8 females, or only 4-6 males. Animals grazed over native pastures, having free access to trees located in their enclosures, and each deer received approximately 600 g of dairy cow food rations daily. According to the manufacturer, the ration was composed by 16% crude protein and 12% fiber (Molino San José, San José, Uruguay). This amount of food was supplied from Monday to Saturday throughout the year, and if part of the ration remained after feeding, this amount was considered ad libitum.
Animals used for this study appeared to have died of natural causes at the ECFA at various times throughout the year, though the cause of death was not determined. However, the corpses were in good condition, and death was not attributed to diseases that could affect the digestive tract. Mean body mass of males (n = 5) was 15.0 ± 3.4 kg (range 11.0-18.8 kg) and that of females (n = 9) was 14.5 ± 2.4 kg (range 12.0-19.0 kg).
Animals were dissected fresh immediately after being found, or frozen for later dissection. The ventral abdominal wall of each animal was removed. The stomach was removed after sectioning the esophagus just cranial to the cardia, and pylorus adjacent to the duodenum. Stomach contents were measured by weighing the unopened organ with an electronic scale, and then re-weighing it after it had been opened, rinsed with tap water, and dried with paper towels. In the case of the ruminoreticulum, the empty organ was only weighed in two animals. Measurements of the RR followed HOFMANN (1973) : briefly, the RR was placed on its left side, and the height and length of the rumen and the reticulum, the length of the Curvatura omasi was measured with soft measuring tape. After the stomach compartments were emptied, the dimensions of the Ostia intraruminale, ruminoreticulare and reticuloomasale were measured with measuring tape. The thickness of the cranial and caudal rumen pillars, the maximum height of the reticular crests and the length of the Papillae unguiculiformes were measured with calipers. Pictures were taken with a digital camera. For a comparison with other literature data, we followed the approach of CLAUSS et al. (2006a CLAUSS et al. ( , 2009a by plotting the results of this study against data from other ruminant species. Terms are used in agreement with the NOMINA ANATOMICA VETERINARIA (2005) . Male and female data were compared with ANOVA, and data are presented as mean ± standard deviation.
RESULTS
The stomach of the pampas deer was composed of the four classic compartments found in ruminants (Fig. 1 ). There were no differences in the absolute or relative sizes of the different compartments with respect to gender (Tab. I).
A dorsal part of the rumen adhered to the diaphragm and sublumbar region. The weight of the entire full stomach was 2,068 ± 739 g. The full RR mass was 1,936 ± 722 g. In one male (BM 18.8 kg) and one female (BM 13.0 kg) in which the actual RR content mass was determined, it was 1,952 and 988 g or 10.4 and 7.6% BM, respectively. Lengths of the dorsal and ventral sacs were 27.5 ± 3.7 cm (range 19 to 35 cm) and 23.3 ± 4.9 cm (range 16 to 37 cm), respectively. The height of the rumen was 29.2 ± 4.2 cm. The Saccus caecus caudoventralis extended 2.5 cm more caudally than the Saccus caecus caudodorsalis (Fig. 1) . The dorsal sac communicated with the ventral sac by the Ostium intraruminale, whose border was formed by the ruminal pillars, and which measured between 8.5 x 8.5 and 20 x 15 cm. The ruminal pillar thickness was 6.2 ± 1.3 mm (range 4 to 9 mm) and 6.7 ± 1.8 mm (range 5 to 10 mm) for the cranial and caudal pillars, respectively. The Ostium ruminoreticulare measured between 3.5 x 4 and 9 x 6 cm.
The ruminal papillae were more abundant within the atrium (Fig. 2) , the ventral sac, and in the blind sacs than in other parts of the rumen. The papillae were almost absent in the dorsal sac (Fig. 3) . The ruminal pillars had no papillae (Fig.  2) . The reticulum (Fig. 4) was the third largest compartment, and its external measures were 9.8 ± 2.6 cm in height, and 8.4 ± 1.9 cm in the craniocaudal length. The maximum height of the Cristae reticuli was 0.6 mm. The Cellulae reticuli (cells) were not divided and rarely contained secondary crests. They were broader and deeper near the greater curvature and became smaller toward the lesser curvature. All crests had conical pa- pillae at the free border. The bottom of the cells had papillae of variable sizes. The fundus of the Sulcus reticuli was bordered by two thick protruding lips, devoid of papillae (Fig. 4) . Near the Ostium reticulo-omasicum, the Papillae unguiculiformes had a length of about 1.0 mm (Fig. 4) . The reticulo-omasal orifice measured 21.2 ± 7.2 mm (range 14 to 40 mm) in diameter.
The omasum was the smallest gastric compartment. The Curvatura omasi measured 11.2 ± 3.1 cm (range 5.0 to 17.0 cm). There were 10 primary Laminae omasi, 16 secondary lamellae, and small tertiary lamellae represented by small lineal elevations. The sides of the Laminae omasi were marked by the presence of the Papillae omasi that were,slightly more developed than the papillae of the reticulum. The abomasum had about 12 Plicae spirales abomasi, and a small Torus pyloricus was present.
DISCUSSION
To the best of our knowledge, this is the first anatomical description of the stomach of the pampas deer. An important limitation of this study is the fact that animals were not freeranging and their diet was supplemented with dairy cow food rations, which possibly diminished forage intake. Therefore, measurements made in this study must be cautiously considered. In particular, the forestomach and the development of the omasum could have been influenced by the amount of roughage used to supplement their natural diet (FLUHARTY et al. 1999 , MCCLURE et al. 2000 , MCLEOD & BALDWIN 2000 , CLAUSS et al. 2006b .
Although it should be cautiously considered due to the small number of animals measured, data on RR contents weighed in the two individuals in this study corroborate the perception of the pampas deer as a browser or an intermediate feeder (Fig. 5) . Average measurements on rumen pillar thickness (Fig. 6) , reticular crest height (Fig. 7) , and the Curvatura omasi (Fig. 8) are all within the range observed in browsers or intermediate feeders. Keeping in mind the supplemental ration feeding and the subsequent small ingestion of grass, the RR fill and the size of the omasum are probably lower than that of wild specimens. These data could nevertheless be considered as belonging to an "intermediate feeder" classification. However, we concede that, given the reports on the natural
Figures 5-8. Comparison of data from Pampas deer from this study with data on (5) reticulorumen wet contents (in percentage of body mass) and (6) rumen pillar thickness (both from CLAUSS et al. 2003 (both from CLAUSS et al. , 2006a (both from CLAUSS et al. , 2009a ), (7) reticular crest height (CLAUSS et al. 2010) , and (8) the curvature of the omasum (CLAUSS et al. 2006ab, 2009a . Regression lines for browsing ruminants in inferior line and for grazing ruminants in superior line. (RODRIGUES & MONTEIRO-FILHO 1996 , COSSE et al. 2009 , the low values for the different measures depicted in Figs 6-8 are somewhat surprising. This discrepancy indicates that such anatomical measures alone cannot be considered sufficient for a classification of a ruminant species into a specific feeding type. Actual observations on the feeding behavior in the wild are required. Similarly, in a previous description (PÉREZ et al. 2008 ) the ration of small intestine to large intestine of pampas deer was within the range considered typical for browsers by HOFMANN (1989) .
With respect to intraruminal papillation, a constant provision with a compound feed could be expected to lead to a rather homogenous papillation pattern. The fact that we could observe differences in the papillation between the dorsal rumen and the Atrium ruminis (Figs 3 and 4) indicates that the RR physiology of pampas deer is not similar to browser ruminants with a homogenous intraruminal papillation (CLAUSS et al. 2009b ) and homogenous/unstratified RR contents (CLAUSS et al. 2010b) . Thus, the papillation pattern of the RR is the only real correlate in the present study that fits the description of an adaptation to a large proportion of monocot material in the natural diet of pampas deer. Pampas deer most likely evolved a certain degree of RR fluid throughput and RR contents stratification typical for many intermediate feeder and grazing species. The correlation with various physiological measures (CLAUSS et al. 2009b , CODRON & CLAUSS 2010 implies that the intraruminal papillation pattern may be the most important comparative anatomical indicator between ruminant feeding types.
There were no differences in relation to gender. This can also be related to the feeding management, in which all animals were allowed access to sufficient amounts of food without competition or invoking hierarchical social interactions with regards to feeding. Therefore, the free access to food may mask possible anatomical differences between sexes that may be provoked by differences in food consumption.
To conclude, the anatomy of the forestomach of pampas deer is not in complete agreement with reports on its natural feeding habits. Similarly, CLAUSS et al. (2009c) listed several examples of ruminants with typical 'grazer' morphology that ingest more browser material in their natural diet than expected from anatomical observations alone. Pampas deer feed on a range of mixed diets in the wild COSSE et al. (2009) . In particular, the size of the omasum can be suspected to be larger in free-ranging individuals. Discrepancies between the natural diet and the expected anatomical characteristics in the forestomach emphasize the evolutionary flexibility of the ruminant digestive system.
